In this paper, 4 microRNAs and their targets were predicted through a de 
Introduction
MicroRNAs is a group of small non-protein-coding RNAs that suppress translation of target genes by binding to their mRNAs [2] . The critical role of microRNA lies in regulation of broad range of phenotypes including development [1, 8] , cell proliferation and death [3] , apoptosis and fat metabolism [34] , cell differentiation [7] , as well as associated with diseases such as cancer and diabetes [25, 31] . In fact, recent genome-wide computational screens for microRNA targets in human predicts that 30% of all human genes are regulated by microRNAs [20] , and the regulatory network of miRNA-mRNA interaction is rendered even more complex because of multiplicity and co-operativity of microRNA targeting. In addition, the complex of microRNA function also depends on the regulation through protein interaction network where the targets located [12] .
Regarding to virus-host interactions, recent advances have revealed that the complex interaction between viruses and host cells also involves miRNA-mediated RNA-silencing pathways through which virus develop to exploit the biosynthetic machinery of host cells and elude the cellular defense mechanisms [11] . Based on the presented researches, the virus-encoded microRNA is thought to play a critical role in viral infections and in viral pathogenesis [9] .
Since been found by Tuschl's group in Epstein-Barr virus (EBV), 146 viral microRNAs are detected or predicted in 16 virus species, mainly come from herpesvirus, polyomavirus and retrovirus families [27] . In addition, huge number of viral microRNA candidates was deposited in Vir-db database from almost all virus genera including ssRNA positive-strand viruses [21] .
Porcine reproductive and respiratory syndrome virus (PRRSV), a member of Arteriviridae, is one of the most economically devastating diseases affecting swine industry worldwide [28] . The typical syndromes of PRRSV are reproductive loss in sows including return to oestrus, abortion, premature farrowing, mummified fetuses and stillbirths, in addition, PRRSV also causes immuno-suppression and consequent increase in susceptibility to other infectious diseases, particularly respiratory diseases in pigs infected post-weaning. The disease causes significant [23] . In CHINA, PRRSV infected over 2,000,000 pigs, resulting in about 400,000 fatal cases [28] .
Although mount of researches were conducted on PRRSV and some of which specific on the pathogenic mechanism, but no report about whether the microRNA participate in PRRSV virulence is available. Here the author reported a research on computational prediction of microRNAs in PRRSV genome by using de novo prediction flow. In this flow, hairpin structured sequences in 90 bp in length were selected in the genomic sequence of PRRSV, and then send to MiPred and BayesMiFinder software for miRNA prediction. The target genes of these miRNAs were predicted and the physiological functions of the targets repression by virus miRNAs were discussed. The successive prediction of PRRSV encoded microRNAs and the targets will facilitate the understanding the infection mechanism of this economical animal virus.
Methods

Query sequences
Mature sequences of microRNAs were downloaded from microRNA Registry (Release 13.0, March 2009). Genome sequence of PRRSV (GenBank: EU144079.1) was downloaded from NCBI (http://www.ncbi.nih.gov), and other PRRSV genomic sequences were downloaded from NCBI for alignment.
Pre-microRNA computational prediction
For de novo prediction, 1200 sequences with 90nt in length were selected in PRRSV genome using a python script, then the second structure of these sequences were predicted by RNAfold program and the sequences with lower MFE (equivalent or below -20 kcal.mol -1 ) were remained as potential miRNA precusors. All of these precursors were further identified using MiPred software [15] , subsequently, the remained real pre-microRNA sequences were conducted BLASTn searching against itself to delete repeated sequences. At the last step, the mature sequences were predicted by BayesMiRFinder software [37] . For the graphical representation of miRNA precursors we used webbased miPrecursor software to draw the second structure of the precursors (http://people.binf.ku.dk/morten/ services/miPrecursor/miPrecursor.cgi).
Sequence alignment
To determining whether a predicted pre-microRNA was homologous to a known microRNA or was a novel, the mature microRNA sequences were blast against to a local created database containing all known mature miRNA sequences, and the matched sequences with no more than 4 mismatches were considered as homology microRNAs, the remained ones which cannot achieve this criteria were referred as novel PRRSV encoded microRNAs. To evaluate the conservation of the microRNAs within different PRRSV strains, the clustalW software was used to align the genome sequences as following Access Numbers: EU708726, EU262603, BD378449 and AF303357.
Target prediction
The predicted mature sequences were BLASTn against Sus scrofa UTR database which download from UTResource (http://www.ba.itb.cnr.it/UTR/UTRHome.html), based on the these results, the matched UTR sequences and the mature sequence was send into RNAhybrid software to perform the target prediction, then the hit RNA duplex were send into RNA22 software for further evaluation.
Results
Pre-microRNAs prediction
Among 1200 sequences with 90nt in length randomly selected from PRRSV genomic sequences, 86 sequences were selected as precursors with MFE below -20kcal.mol -1 . Then these 86 sequences were send into MiPred prediction to distinguish whether the precursor is a real or a pseudo microRNA based on analyzing with a classifier containing 34 local and overall structure features. After that, 4 remained microRNAs were send one by one to BayesMiRFinder software to further valid, and these 4 candidates were recognized as real microRNAs, which named prrsv-miR-1 to prrsv-mir-4, respectively. The full length were ranged from 66-90nt, falling into the most common animal microRNA size ranging. The mature sequences of PRRSV-microRNAs were predicted also by BayesMiRFinder, and 4 mature sequences were predicted with 21nt in length ( Table.1 ). Through batch blasting these four mature sequences against the known mature database, no positive result was obtained, therefore these 4 prrsvmiRNAs were recognized as novel microRNAs.
The structure features of these PRRSV-microRNAs were very in agreement with that of recorded in miRBase 13.0, showing nearly perfect hairpin structure ( Figure.1 ). An interesting phenomenon was revealed in this experiment, all the four PRRSV-miRNAs were located in transcripted regions, giving good example, prrsv-miR-1 and -4 was in replicase polyprotein 1a, miR-2 in replicase polyprotein 1b, while prrsv-miR-3 was located in envelope glycoprotein 3. Table 1 . Sequences and genome location of prrsv-miRNAs 
Target prediction
The target prediction results summarized in Table. 2 showed the mature sequences of prrsv-mir-1, 2 and 4 have hit total 16 targets in the available pig UTR database. It was speculated that the absence of target for prrsv-mir-3 maybe largely due to the relatively small volume of pig UTR database, which derived from the incomplete annotated of pig genome.
In general, the majority of these targets were regulator genes, indicating the complicated mechanism of PRRSV on host gene's expression regulation and the important roles of these microRNAs on immune system suppression which eventually facilitating virus infection. Based on their protein functions, the targets could be divided into 4 groups.
Number Precursor sequence
Mature sequence Position Genome location 
Group one of targets
The first group contained the germ cell development associated genes which named ovarian and testicular apolipoprotein N (ApoN), a member of ApoF related protein family. It was notable that fluid surrounding the egg in the ovarian follicles contain components inhibit T-lymphocyte activation and proliferation, through which protect these cells from immunological attack and is essential for maintaining fertility, and ApoN is enriched in this fluid. The association between ApoN and HDL/LDL in follicular fluid and serum may be indicative of biological activity associated with cholesterol and/or fatty acid transport, and ultimately in gonadal steroidogenesis. Second, several lipoproteins and apolipoproteins have been shown to have immunosuppressive activities. Therefore, it was proposed that ApoN participate in a role in both the regulation of steriodogenesis or immune-suppression [4] and the inhibition of ApoN results in abortion.
Group two of targets
Several immune response genes constituted the second group, including interleukin-12 p35 subunit, chemokine receptor 7 (CCR7), peroxisome proliferator-activated receptor delta (PPARdelta), tartrateresistant acid phosphatase and CD3d mRNA for TcR CD3 delta-chain.
CCR7 is expressed in various lymphoid tissues and activates B and T lymphocytes, controlling the migration of memory T cells into lymph nodes and Peyer's patches from the blood through high endothelial venules, as well as stimulate dendritic cell maturation [10, 29] . Thus, it was likely the inhibition of CCR7 expression adversely affects immune system upon PRRSV infection. Another instance of CCR7 involving in virus infection has been reported that this receptor was identified as a gene induced by the Epstein-Barr virus (EBV), and is thought to be a mediator of EBV effects on B lymphocytes [29] .
Virus replication is regulated by different TCR/CD 3 -directed cellular pathways, because the immune system recognizes foreign antigens then elicit a strong and efficient immune response. Upon antigen presentation to the antigen presentation cells (APC), the TCR/CD 3 complex on the cell surface is activated, and the immune response is capable of destroying the foreign antigens [6] . Theoretically, the inhibition of TCR/CD 3 by prrsv-miR-1 causes problems with presentation to the cytotoxic T lymphocytes (CTL) and B cell antibody production. In addition, this TCR/CD 3 impairment suppressed the generation of memory cells, and the achievement of the subsequent vigorous immune response. As an important component of immune system, the TCR/CD 3 has been selected by viruses to be inhibited to escape the immune surveillance, for example, impairment of TCR/CD 3 -directed CD 4+ T cell immune responses is frequently observed in individuals with HIV-1 and HIV-2 [6] . Therefore the inhibition of TCR/CD 3 by PRRSV encoded microRNA most likely participate critical role in virus invading, although need further chemical and molecular biological researches.
Interleukin 12 (IL-12) is a regulatory protein produced mainly by activated hematopoietic phagocytic cells (monocytes, macrophages, and neutrophils) and dendritic cells [30] . The biological activities of IL-12 include the growth stimulation of activated CD 4+ and CD 8+ T cells and natural killer cells. Murine IL-12 also promotes the development of proinflammatory/TH1-like CD 4+ T cells and cytotoxic CD 8+ T cells. The interfering in IL-12 expression by PRRSV-miR-4 perhaps was one of the key strategies for PRRSV escaping from immunity detection.
p27kip1 plays a critical role in regulation of cell cycle kinetics, and research concerning virus induced cell cycle arrest through p27kip1 suppression has been reported, the miRNA expression profiles in the Marek's disease virus (MDV)-transformed lymphoblastoid cell line MSB-1 found that endogenous miRNAs miR-221 and miR-222 which target p27Kip1 were significantly up-regulated [16] . This finding suggested that cell arrest induced by microRNA was a common strategy exploited by viruses. Specific to PRRSV, it was shown that cyclin D3 was suppressed by PRRSV through which to reduce cell cycle [18] . The present study demonstrated that PRRSV could arrest the host cell cycle in twofold manner: one by protein inhibition and another by microRNA encoded by itself.
Research on PPARdelta function has revealed that two functions are clarified in normal development, the first is inhibit apoptosis in T cells, PPARdelta enhances proliferation of primary T cells and blocks apoptosis induced by type 1 IFN and by serum deprivation [13] , and these cellular functions are mediated by the activation of extracellular signal-regulated kinase1/2 signaling [35] . Except for apoptosis depress, PPARdelta is a critical factor for successful pregnancy on which PPARdelta-AKT and STAT3 signaling pathways depended [32] .
Group three of targets
The third group contains one apoptosis related gene named BID. Many viruses encode proteins which can inhibit apoptosis thereby either prolonging the survival of infected cells such that the production of progeny virus is maximized or facilitating the establishment of virus persistence [36] . As an important component of apoptosis regulation pathway, BID has been widely selected by virus microRNAs to inhibit to ensure their successful establishment of virus replication at an early stage of infection [24] . Recently, a new function of BID has been detected, Zinkel et al found a role for BH 3 -only BID in maintaining myeloid homeostasis and suppressing leukemogenesis. This function could be explained as a preserving genomic integrity factor for BID to eliminate the chromosomal aberrations [39] . Although the precise function of BID suppression by PRRSV on its infection was unclear, a proposal was raised that this suppression not only facilitates virus escape immunity surveillance, but also aggravate DNA-damage which in turn cause other adverse physiological phenomena. It was well established that PRRSV infection caused typical cell apoptosis through a mitochondria-mediated pathway in some tissues [19] , however, the results here suggested that whether the PRRSV induce apoptosis or inhibit rely on the tissue where it infected and, possibly, this virus caused apoptosis or not related to the precise regulation of the prrsv-microRNA expression.
Erythropoietin receptor, also a member of the cytokine receptor family, is the primary regulator of red blood cell production and is indispensable for terminal differentiation of erythroid progenitors [26] . The active form of erythropoietin receptor serve as docking sites for various intracellular signaling proteins which containing Src homology 2 (SH 2 ) domains, such as the transcription factor STAT5 (signal transducer and activator of transcription 5) . Based on the literature, the inhibition of erythropoietin receptor will lead to complex consequence through the signal transduction in which the erythropoietin receptor participated.
Analyses of mice harboring a null mutation of the erythropoietin or the erythropoietin receptor gene have shown that erythropoietin is indispensable not only for red blood cell production, but also for normal development of brain, heart and blood vessels. Similarly, in mice with deletion of the erythropoietin receptor gene, brain development is normal until 10.5 days post conception, but at subsequent stages it displays a reduction in the number of neural progenitor cells and increased apoptosis of neuronal cells [26] . Analysis of blood vessel formation in erythropoietin and erythropoietin receptor null embryos also shows that vasculogenesis occurs normally, but that angiogenesis is impaired severely, thus the inhibition of EpoR expression was one of the reasons causing reproductive defect. The inhibition of erythropoietin receptor was agreement with brain and embryo development defects on clinical porcine [22] . It should be note that the components of erythropoietin receptor network, such as STAT5, are multi-function proteins, therefore not all the results of inhibition of erythropoietin receptor was understood or detected.
Group four of targets
The last group included several other functional genes, including cardiovascular system, folic acid metabolism and G-protein signal transduction.
Under normal circumstances, TRAP is highly expressed in osteoclast, activated macrophages, neurons, and the porcine endometrium during pregnancy. According to Lang's research, TRAP expressed in macrophage cell act either as a growth factor or as a modulator of innate immunity response in certain inflammatory conditions. With respect to immunity, Bune's report showed the lacking of TRAP disordered macrophage inflammatory responses and reduced clearance of Staphylococcus aureus [5] , which a well-known pathogen cause mastitis in PRRSV infected porcine (http://www.thepigsite.cn/pighealth/article/254/porcine-reproductive-and-respiratory-syndrome-virus-(prrs)) . Except for that, knock down of TRAP also disturbed lipid metabolism [17] .
Cross strain conservation
In this sector, 5 PRRSV genome sequences including 2 vaccine strain (BD378449 and AF303357), an attenuate strain (AF159149) and 2 high virulence strains (EU708726 and EU262603) were selected for miR-1 conservation analysis. The results (Firure.2) showed high structure similarity of miR-3 sequences in EU144079, EU708726 and EU262603 genome, with score of 82, 79 and 79, respectively. In contrast, the structure alignment of same regions in EU144079, AF303357 and AF159149 genome was of low score, being 56, 56 and 56. For sequences alignment, clustalW software was used with parameter UPGMA to construction a phylogenetic tree, the results showed the sequence of miR 1 was more identified to that of EU708726 and EU262603, clustering in one group, while low similarity was found with that of BD378449, AF303357 and AF159149.
In addition, the miR-1 prediction results were changed in BD378449, AF303357 and AF159149, showing increased unpaired nucleotides in mature regions which resulting in failure to pass the prediction. Similar phenomena were detected in miR-3 conservation analysis. This result suggested that the microRNA mutation will contributed to reduce PRRSV virulence in vaccine or low virulent strain, although need be analyzed further. . BD378449 is vaccine strain, AF159149 is attenuate strain, EU708726 and EU262603 are high virulence strains.
Conclusion and Discussion
Virus encoded microRNA, as one of the most important components of regulators on host immunity, metabolism pathway and gene expression, has been intensively studied recently, both in DNA and RNA virus [14, 33, 38] . Recently, numerous virus derived microRNAs were identified by both bioinformatics and molecular methods, and some of them have been confirmed and the functions have been revealed [38] . Collected, the function of viral microRNAs focus on maintain virus cell cycle, suppress cellular anti-virus system (including RNAi system) and regulate cellular process [27] , both directly or indirectly facilitate virus infection.
Although has been studied for almost two decades, no microRNA was identified from PRRSV genome yet, leaving a gap between the genome information and the clinical syndrome. In this paper, 4 microRNAs was predicted, and 3 of them were found their targets in porcine 3' UTR database successfully. Like other virus encoded microRNAs, the PRRSV-microRNAs have no homologous in the miRBase database, demonstrating novel functional roles of these microRNAs.
Well agreement with the clinical syndromes, several targets related to immune system was predicted, which involving in broad aspects of host immune system, including different critical components both in innate and adaptive immune system. It was well known that PRRSV infection help other pathogeneses invade and reduce the ability of host to eliminate them, this clinical phenomena could be explained as the results of broad spectrum suppression on immune system.
In despite of obviously difference on targets, it seems like that virus exploit somewhat similar strategies to inhibit specific host genes through which escape the immunological surveillance and speed their genome replication, for example, BCALF1, THBS1 and CXCL-11 were selected by KSBV and EBV encoded microRNAs to be suppressed to disturb the function of host immune system. Another main categories of targets of virus microRNAs, apoptosis associated genes, were found in the present paper, indicating the reality of the PRRSV microRNAs indirectly.
It should be noted that many members of the predicted targets are multi-functional proteins, first, some proteins encoded by target genes are located in a protein network, thus the suppression of one protein will influence downstream proteins which located in different branches, resulting in different consequences. For example, erythropoietin receptor interacts with many proteins within a network, except for STAT5, other pathways activated by the erythropoietin receptor through protein phosphorylation [26] . That is, the inhibition of erythropoietin receptor would cause losing of functions of a set of downstream proteins. Second, TRAP also expressed in nervous system with distinct function. It was reported that TRAP co-expressed with NOs in nervous cells which essential for normal nervous development, therefore, we tend to suggested that the inhibition of TRAP by PRRSV microRNA would showed diverse results when it was suppressed in different tissue. Both the above reasons complicated the consequences of microRNA induced targets suppression. For the limited capacity of the available porcine UTR database, we believe that not all targets of PRRSV microRNAs were indentified. To construct a more comprehensive prrsv-microRNA-targets network, much effort should be done by means of bioinformatics and molecular biological analysis to amply the capacity of UTR database
The proposed consequences based on the inhibition to host targets by PRRSV encode microRNAs were not the only mechanisms to disturb host gene expression and to help itself infection, but the present results would provide novel focus genes or pathways to be researched subsequently. To achieve more detailed information on the mechanisms of PRRSV infection and the association of microRNAs to clinical syndrome need intensively computational and biochemistry researches.
Summarized, 4 PRRSV encoded microRNAs and their targets were predicted in the present paper. It was expected this results would provided in-depth information on how the PRRSV disturb the host normal function of immune system and what can we counter the virus microRNAs to eliminate the PRRSV infection in gene therapy era.
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